ABSTRACT: Heart fatty acid binding protein (H-FABP) has been associated with intramuscular fat content in pigs. In the current study, we showed that expression of H-FABP mRNA in adipose tissue of adult pigs was 8.5% of that in heart and 30% of that in skeletal muscle, and that H-FABP mRNA level was more than 10% of that of adipocyte fatty acid binding protein mRNA in adipose tissue. Levels of H-FABP mRNA Key words: adipocyte fatty acid binding protein, adipose tissue, heart fatty acid binding protein, skeletal muscle
INTRODUCTION
Heart fatty acid binding protein (H-FABP) is a member of the family of intracellular fatty acid binding proteins (Chmurzynska, 2006) . In rats and mice, H-FABP has been more thoroughly studied than in pigs (Heuckeroth et al., 1987; Binas et al., 1999 Binas et al., , 2003 . The H-FABP is widely distributed, with the greatest expression in the heart and skeletal muscle and lower expression in adipose tissue, kidney, and brain (Heuckeroth et al., 1987) . Developmental regulation of H-FABP mRNA has been demonstrated in the rat heart, brain, kidney, and other tissues. In particular, H-FABP mRNA was upregulated during heart development, with a peak on approximately postnatal d 14 (Heuckeroth et al., 1987) .
Functionally, H-FABP has been shown to be involved in fatty acid uptake and utilization in the heart and skeletal muscle as demonstrated by H-FABP-deficient mice (Binas et al., 1999 (Binas et al., , 2003 . Compared with rodents, much less is known about H-FABP in the pig, particularly in adipose tissue. Genetic variations in H-FABP gene loci have been associated with intramuscular fat in pigs (Gerbens et al., 1999 (Gerbens et al., , 2000 . It is known that intramuscular fat content is an important aspect of 1 This study was supported by the Ohio Agricultural Research and Development Center. 1651 reached a maximum in adipose tissue from 7-d neonates, with no further increase in the adult. Also, H-FABP mRNA was induced during adipogenic differentiation of stromal-vascular cells derived from adipose tissue and skeletal muscle. In conclusion, H-FABP may play a role in adipose tissue development and function in the pig. meat quality in pork because it is positively correlated with palatability.
The objective of this investigation was to study the expression of H-FABP during pig adipocyte development. In addition, we also evaluated the maturity of intramuscular and subcutaneous adipose tissue by examining the expression of H-FABP as well as other adipose marker genes in both tissues.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee approved all procedures involving animal handling.
Tissue Harvest
Subcutaneous adipose tissue was collected from the dorsal neck region of 75-d-old fetal, 7-d-old neonatal, and 5-mo-old adult pigs (n = 3 per age group). From the 5-mo-old adult pigs, liver, skeletal muscle, heart, lung, intestine, spleen, and kidney were also collected (n = 3). From 3-mo-old adult pigs (n = 3), intramuscular adipose tissue was carefully dissected from skeletal muscle, and subcutaneous adipose tissue was also collected as the control.
Isolation and Differentiation of Primary Stromal-Vascular Cells
The stromal-vascular cell fraction from subcutaneous adipose tissue was isolated from 7-d-old neonatal pigs according to previously reported methods Poulos, 2004, 2005) . Subcutaneous adipose tissue from 7-d-old neonates were minced into fine pieces and digested with 3.2 mg of type-II collagenase/mL (cat. No. C1764, activity > 125 collagen digestion units/mg, Sigma-Aldrich Co., St. Louis, MO) in Dulbecco's modified Eagle's medium (Invitrogen, Carlsbad, CA) at 37°C in a shaking water bath for 1 h and was filtered through sterile nylon mesh (100-m pore size) to remove undigested tissue. The filtrate was centrifuged at 500 × g for 5 min, and stromal-vascular cells were collected and cultured in Dulbecco's modified Eagle's medium (0.5 × 10 5 cells per 35-mm culture dish) containing 10% fetal bovine serum (Invitrogen) . At approximately 90% confluence, the cells were treated with 80 nM dexamethasone (Sigma-Aldrich Co.) for 3 d followed by 5 g of insulin/mL, 5 g of transferrin/mL, and 5 ng of selenium/mL (all from Sigma-Aldrich Co.) for 6 d to promote differentiation into adipocytes. The cells were collected at d 0, 3, 6, and 9 after differentiation for RNA and protein evaluation (n = 3 cultures per day, each culture from 1 pig). Stromal-vascular cells were also isolated from skeletal muscle of 7-d-old neonatal pigs and differentiated into adipocytes using the same method as described above. The cells were collected at d 0, 6, and 9 after differentiation for RNA and protein evaluation (n = 4 cultures per day, each culture from 1 pig). At d 9, a separate dish of differentiated cells was stained with hematoxylin and photographed using a brightfield microscope.
RNA Isolation and Reverse Transcription
Total RNA from tissue or cells was isolated using Trizol (Invitrogen) following the manufacturer's instructions. The quantity and quality of RNA were evaluated by agarose gel and 1 g of RNA was used in each reverse transcription. Reverse transcription was performed using M-MLV reverse transcriptase (Invitrogen); the conditions for reverse transcription were 65°C for 5 min, 37°C for 50 min, and 70°C for 15 min.
Cloning of Cyclophilin, H-FABP, and A-FABP into pCR2.1 Vector
Cyclophilin and adipocyte fatty acid binding protein (A-FABP) were amplified from adult pig adipose tissue, and H-FABP was amplified from adult pig skeletal muscle by reverse transcription-PCR. The sequences of the PCR primers were as follows: cyclophilin, forward 5′GGATAATTTTGTGGCCTTGGC3′, reverse 5′ACTGGGAGCCATTGGTGTCT3′; H-FABP, forward 5′GCCAACATGACCAAGCCTACC3′, reverse 5′CATGGGTGAGTGTCAGGATGAG3′; and A-FABP, forward 5′ATTGGGCCAGGAATTTGATG3′, reverse 5′TCTGGTAGCCGTGACACCTTT3′.
The PCR was performed using Taq polymerase (Invitrogen) , with the following conditions: 94°C for 2 min; 40 cycles of 94°C for 20 s, 56°C for 30 s, and 72°C for 1 min; and 72°C for 10 min. The products of PCR were cloned into a pCR2.1 vector using a TATA cloning kit (Invitrogen), and plasmids containing the respective insert were subjected to sequence analysis to verify amplification of the correct cDNA. The plasmids were then quantified and used as the standard for SYBR Green, real-time PCR.
Quantitative, SYBR Green, Real-Time PCR Cyclophilin, H-FABP, A-FABP, delta-like homolog 1 (DLK1), and peroxisome proliferator activated receptor γ (PPAR-γ) were quantified by SYBR Green, real-time reverse transcription-PCR. The sequences of the realtime PCR primers were as follows:
cyclophilin, H-FABP, and A-FABP were the same as described above; DLK1, forward 5′CCCATGGAGCTGAATGCCT, reverse 5′TTGCAAATGCACTGCCAGGG3′; PPAR-γ, forward 5′TAGATGACAGCGACCTGGCGA, reverse 5′AGCAGCTTAGCAAAGAGCTGG3′. Cyclophilin was used as an internal control.
The PCR was performed using AmpliTaq Gold polymerase (Applied Biosystems, Foster City, CA) and SYBR Green was used as the detection dye. The conditions for real-time PCR were 95°C for 10 min; 40 cycles of 94°C for 20 s, 58°C for 30 s, 72°C for 40 s; and 82°C for 16 s. The pCR2.1 plasmids containing cyclophilin, H-FABP, or A-FABP were used as the standards, and gene expression was presented as the number of copies of target gene per copy of cyclophilin. For DLK1 and PPAR-γ, relative gene expression was presented as a ratio of DLK1 or PPAR-γ to cyclophilin.
Western Blot of PPAR-γ, Myosin Heavy Chain, and β-Actin
Cells were homogenized in 1× Laemmli buffer (62.5 mM Tris, 1% SDS, 5% 2-mecaptoethanol, 12.5% glycerol, 0.05% bromophenol blue; BioRad Laboratories, Hercules, CA). The proteins were separated using SDS-PAGE, transferred to a polyvinylidene fluoride membrane (Amersham Biosciences, Piscataway, NJ), and the membrane was blocked with 5% nonfat dry milk in Tris-buffered saline-Tween (TBST; 20 mM Tris, 150 mM NaCl, pH 7.4, plus 0.1% Tween-20) at room temperature for 1 h. The membrane was incubated for 2 h at room temperature with primary antibodies to PPAR-γ (1:1,000 dilution; sc-7273, Santa Cruz Biotechnology Inc., Santa Cruz, CA), myosin heavy chain (1:1,000 dilution; Developmental Studies Hybridoma Bank, University of Iowa, Iowa City), or β-actin (1:4,000 dilution; Santa Cruz Biotechnology Inc.). The primary antibody to PPAR-γ reacted with mouse and porcine PPAR-γ, and detected PPAR-γ1 and PPAR-γ2 isoforms (data not shown). The membrane was washed with TBST 5 times and then was incubated with horseradish peroxidaseconjugated secondary antibodies (Santa Cruz Biotechnology Inc.) at room temperature for 1 h. The membrane was washed with TBST another 5 times, and the proteins were detected with ECL plus (Amersham Biosciences) followed by exposure to BioMax x-ray film (Amersham Biosciences).
Statistical Analysis
The data were presented as means ± SEM. The data were analyzed by 1-way ANOVA. Statistical differences were set at P < 0.05.
RESULTS

Adipose Expression of H-FABP mRNA
As shown in Figure 1A , H-FABP and A-FABP mRNA were quantified in various adult pig tissues by realtime reverse transcription-PCR. In heart and skeletal muscle, H-FABP mRNA is highly expressed at 54 and 15.5 copies per copy of cyclophilin, respectively. In adipose tissue, H-FABP mRNA is moderately expressed at 4.6 copies per copy of cyclophilin. In other tissues including kidney, lung, liver, intestine, and spleen, H-FABP mRNA is lowly expressed at less than 1 to 2 copies per copy of cyclophilin (data not shown). In contrast to widely expressed H-FABP, A-FABP is mainly expressed in adipose tissue, muscle, and heart. In the adipose tissue, A-FABP mRNA is abundantly expressed at 41 copies per copy of cyclophilin. In muscle and heart, A-FABP is moderately expressed at 2 and 6 copies per copy of cyclophilin, respectively. In other tissues, A-FABP mRNA is very lowly expressed at less than 1 copy per 100 copies of cyclophilin (data not shown). In the adipose tissue, H-FABP mRNA was more than 10% of A-FABP mRNA. In Figure 1B , H-FABP and A-FABP mRNA were determined in subcutaneous adipose tissue from 75-d-old fetuses, 7-d-old neonatal pigs, and 5-moold adult pigs. To validate adipose tissue development at different stages, we examined DLK1 and PPAR-γ mRNA expression. As an inhibitor of adipocyte differentiation, DLK1 is highly expressed in preadipocytes and dramatically decreases during adipocyte differentiation (Lee et al., 2003; Deiuliis et al., 2006) . As a transcription factor that promotes adipocyte differentiation, PPAR-γ is lowly expressed in preadipocytes and dramatically increases during differentiation into adipocytes (Chawla et al., 1994; Tontonoz et al., 1995; Ding et al., 1999) . In this study, DLK1 was used as a preadipocyte marker and PPAR-γ was used as an adipocyte marker to confirm the adipogenic differentiation. From fetus to adult, DLK1 mRNA decreased about 18-fold to minimal levels (P < 0.01), whereas PPAR-γ mRNA increased 4.7-fold (P < 0.01), thus confirming adipose tissue development. In the adipose tissue of fetal, neonatal, and adult pig, H-FABP mRNA level was 0.07, 3.9, and 4.6 copies per copy of cyclophilin, respectively. Compared with fetus, H-FABP mRNA increased more than 50-fold after birth (P < 0.01). In the adipose tissue of fetal, neonatal, and adult pig, A-FABP mRNA level was 1.3, 39, and 41 copies per copy of cyclophilin, respectively. Compared with fetus, A-FABP mRNA increased about 30-fold after birth (P < 0.05). At d 7 after birth, both H-FABP and A-FABP mRNA reached a maximum with no further increase in the adult. Both H-FABP and A-FABP are developmentally upregulated in a similar pattern in adipose tissue.
Adipogenic Differentiation of Stromal-Vascular Cells from Adipose Tissue
Stromal-vascular cells from 7-d-old neonatal pig subcutaneous adipose tissue were differentiated into adipocytes. At d 9 after differentiation, more than 60% of the cells differentiated into mature adipocytes, which were characterized by accumulation of lipid droplets within the cells under the light microscope. In addition, the time-dependent increase of PPAR-γ mRNA (P < 0.001) as well as the induction of PPAR-γ protein confirmed adipogenic differentiation of stromal-vascular cells ( Figure 2B ). As shown in Figure 2A 
Adipogenic Differentiation of Stromal-Vascular Cells from Skeletal Muscle
Stromal-vascular cells from skeletal muscle of 7-d neonatal pigs were further isolated and then differentiated into adipocytes. At d 9, about 20% of the cells were differentiated into adipocytes characterized by lipid accumulation in the cells ( Figure 3A) . From d 0 to 9, PPAR-γ mRNA (P < 0.05; Figure 3B ) and PPAR-γ protein ( Figure 3C ) were greatly induced, which confirmed adipogenic differentiation of stromal-vascular cells from skeletal muscle. As shown in Figure 3B , at d 0, 6, and 9, H-FABP mRNA was 0.1, 2.5, and 1.4 copies per copy of cyclophilin, respectively. After differentiation, H-FABP mRNA increased more than 10-fold (P < 0.05). On the other hand, at d 0, 6, and 9, A-FABP mRNA was 0.0003, 0.3, and 0.9 copies per copy of cyclophilin, respectively. The A-FABP mRNA also increased from minimal levels after differentiation (P < 0.05). To rule out the possibility that H-FABP was derived from myogenic differentiation, myotube formation , and heart in adult pigs. B) For fetuses (fetus), 7-d-old neonatal pigs (7-d), and adult pigs (adult), expression of H-FABP mRNA (P < 0.01), A-FABP mRNA (P < 0.05), delta-like homolog 1 (DLK1) mRNA (P < 0.01), and peroxisome proliferator activated receptor-γ (PPAR-γ) mRNA (P < 0.01) in subcutaneous adipose tissue. The bars indicate means ± SEM (n = 3 pigs). The mRNA expression of each gene was determined by real-time reverse transcription-PCR and was expressed as a ratio to cyclophilin mRNA. The H-FABP and A-FABP mRNA were presented as the number of copies per copy of cyclophilin; PPAR-γ and DLK1 mRNA were expressed as a ratio to that of cyclophilin (cyc).
Figure 2.
Expression of A) heart fatty acid binding protein (H-FABP) mRNA (P < 0.0001) and adipocyte fatty acid binding protein (A-FABP) mRNA (P < 0.001), and B) peroxisome proliferator activated receptor-γ (PPAR-γ) mRNA (P < 0.001) and PPAR-γ protein from d 0 to 9 during adipogenic differentiation of adipose stromal-vascular cells. The bars indicate means ± SEM (n = 3 cultures, each culture from 1 pig). The mRNA expression of each gene was determined by real-time reverse transcription-PCR and expressed as a ratio to cyclophilin mRNA. The H-FABP and A-FABP mRNA were presented as the number of copies per copy of cyclophilin, and PPAR-γ mRNA was expressed as a ratio to that of cyclophilin (cyc). The PPAR-γ protein was detected by Western blot, and β-actin was used as an internal control.
was examined by microscopic image, and there was no formation of myotubes in this cell culture ( Figure 3A) . Myosin heavy chain protein was examined by Western blot and skeletal muscle from the adult pig was used as a positive control. The myosin heavy chain expression was detected in the muscle, but not in the cell culture at d 0, 6, and 9 ( Figure 3C) . Thus, the induction of H-FABP mRNA was attributed to adipogenesis, but not myogenesis.
Expression in Intramuscular Adipose Tissue
As shown in Figure 4 , expression of DLK1 in intramuscular adipose tissue was 25-fold of that in subcutaneous adipose tissue (P = 0.07). In contrast, PPAR-γ mRNA in subcutaneous adipose tissue was 16-fold of that in intramuscular adipose tissue (P < 0.05). The level of H-FABP and A-FABP mRNA expression in intramuscular adipose tissue was 0.8 and 5.8 copies per copy of cyclophilin, respectively, which was 16 and 18% of the respective mRNA level in subcutaneous adipose tissue. Both H-FABP and A-FABP mRNA expression were lower in intramuscular adipose tissue compared with subcutaneous adipose tissue (P < 0.05 and P < 0.01, respectively). Taken together, these results suggest that intramuscular adipose tissue contains less mature adipocytes than subcutaneous adipose tissue.
DISCUSSION
In this study, we characterized the regulation of H-FABP and A-FABP mRNA during adipose tissue development and adipogenesis in cell culture by real-time reverse transcription-PCR. This report is the first to quantitatively compare pig H-FABP and A-FABP mRNA under various conditions and provide evidence to support that H-FABP may play an important role in pig adipose tissue. First, we reexamined tissue distribution of H-FABP and A-FABP mRNA in adult pigs. In agreement with previous reports (Heuckeroth et al., 1987; Armstrong et al., 1990; Ding et al., 1999) , H-FABP is strongly expressed in heart and skeletal muscle, and A-FABP is strongly expressed in adipose tissue. Surprisingly, H-FABP mRNA was also detected in adipose tissue at a moderate level, and H-FABP mRNA in adipose tissue was 8.5% of heart levels and 30% of skeletal muscle levels. On the other hand, in addition to adipose tissue, A-FABP mRNA is also expressed in heart and muscle at moderate levels. It is interesting to note that FABP profile in adipose tissue of pigs is quite different from that of mice. In both species, A-FABP has been known as the predominant intracellular fatty acid binding protein in adipose tissue (Bernlohr et al., 1985; Armstrong et al., 1990) . In mouse white adipose tissue, keratinocyte fatty acid binding protein (mal1) mRNA was moderately expressed and H-FABP mRNA was very lowly expressed, whereas in brown adipose tissue, H-FABP mRNA was highly expressed and mal1 mRNA was very lowly expressed (Maeda et al., 2003) . In pig Expression of heart fatty acid binding protein (H-FABP) mRNA (P < 0.05), adipocyte fatty acid binding protein (A-FABP) mRNA (P < 0.05), and peroxisome proliferator activated receptor-γ (PPAR-γ) mRNA (P < 0.05) from d 0 to 9 during adipogenic differentiation of muscle stromal-vascular cells. The bars indicate means ± SEM (n = 4 cultures, each culture from 1 pig). The mRNA expression of each gene was determined by real-time reverse transcription-PCR and expressed as a ratio to cyclophilin mRNA. The H-FABP and A-FABP mRNA were presented as the number of copies per copy of cyclophilin, and PPAR-γ mRNA was expressed as a ratio to that of cyclophilin (cyc). C) Western blot of PPAR-γ and myosin heavy chain (MHC) protein from d 0 to 9 during adipogenic differentiation of muscle stromal-vascular cells. Skeletal muscle (M) was used as a positive control for MHC, and β-actin was used as an internal control.
adipose tissue, H-FABP mRNA reached 10% of A-FABP mRNA level. The moderate expression of H-FABP mRNA we detected in pig adipose tissue was in agreement with a recent report, and H-FABP mRNA expression seemed to be much greater than epidermal fatty acid binding protein (E-FABP, mal1) mRNA (Chen et al., 2006) . Developmental regulation of H-FABP in the heart, kidney, and brain has been well characterized in rats (Heuckeroth et al., 1987) . However, developmental changes of H-FABP in adipose tissue have not been examined. This research has shown that the changes of H-FABP in pig adipose tissue follow a similar Figure 4 . Expression of heart fatty acid binding protein (H-FABP) mRNA (P < 0.05), adipocyte fatty acid binding protein (A-FABP) mRNA (P < 0.01), delta-like homolog 1 (DLK1) mRNA (P = 0.07), and peroxisome proliferator activated receptor-γ (PPAR-γ) mRNA (P < 0.05) in subcutaneous adipose tissue (SF) and intramuscular adipose tissue (IMF). The bars indicate means ± SEM (n = 3 pigs). The mRNA expression of each gene was determined by real-time reverse transcription-PCR and expressed as a ratio to cyclophilin mRNA. The H-FABP and A-FABP mRNA were presented as the number of copies per copy of cyclophilin; DLK1 and PPAR-γ mRNA were expressed as a ratio to that of cyclophilin (cyc).
trend as previously reported in the rat heart (Heuckeroth et al., 1987) . More interestingly, H-FABP exhibited a parallel pattern of upregulation similar to that of A-FABP during adipose tissue development. The moderate expression and developmental upregulation of H-FABP suggest that H-FABP may play an important role in pig adipose tissue.
Differentiation of stromal-vascular cells into adipocytes has been used as an in vitro model to study regulation of genes during adipogenic differentiation. We examined H-FABP and A-FABP mRNA during the differentiation of pig adipose stromal-vascular cells into adipocytes. Adipogenesis was verified by morphological observation of lipid accumulation within the cells and induction of PPAR-γ at mRNA and protein levels. Consistent with previous reports (Bernlohr et al., 1984; Ding et al., 1999) , A-FABP mRNA was increased during adipogenic differentiation. Similar to A-FABP, H-FABP mRNA exhibited a parallel pattern of upregulation during differentiation. The induction of H-FABP mRNA during in vitro adipogenesis indicates that H-FABP may play an important role in pig adipose tissue function.
The stromal-vascular cells from skeletal muscle of neonatal pigs contain different types of cells, of which preadipocytes and satellite cells are capable of adipogenic differentiation (Asakura et al., 2001; Poulos, 2004, 2005) . We differentiated muscle stro-mal-vascular cells into adipocytes, which was confirmed by observation of lipid droplets and induction of PPAR-γ at mRNA and protein levels. Consistent with a previous report, the degree of differentiation from muscle stromal-vascular cells was much lower than from adipose stromal-vascular cells (Hausman and Poulos, 2004) . Correspondingly, A-FABP mRNA level in differentiated muscle stromal-vascular cells was only 14% of A-FABP mRNA in differentiated adipose stromal-vascular cells. The basal level of H-FABP mRNA in muscle stromalvascular cells was about 10-fold of the level in adipose stromal-vascular cells. During muscle stromal-vascular cell differentiation, H-FABP mRNA was induced more than 10-fold and H-FABP mRNA expression reached a similar level to that of A-FABP mRNA. Because H-FABP can be greatly induced during differentiation of myoblasts into myotubes (Rump et al., 1996) , the absence of muscle cell marker myosin heaven chain in differentiated stromal-vascular cells demonstrated that H-FABP induction was derived from adipogenesis instead of myogenesis. Therefore, H-FABP may have an important role in the development of intramuscular adipocytes. Altogether, the upregulation of H-FABP during in vivo adipose tissue development and in vitro adipogenic differentiation indicate that H-FABP may play an important role in pig adipocyte function.
Genetic variations of H-FABP gene have been associated with intramuscular fat content in pigs (Gerbens et al., 1999 (Gerbens et al., , 2000 . In addition, H-FABP mRNA expression was significantly different between H-FABP HaeIII genotypes and was significantly related with intramuscular fat (Gerbens et al., 2001) . However, other studies failed to detect significant associations of H-FABP gene with intramuscular fat content (Nechtelberger et al., 2001; Urban et al., 2002) . In 1 study, there was no effect of H-FABP genetic variants on intramuscular fat in 3 Austrian breeds including Landrace, Large White, and Piétrain (Nechtelberger et al., 2001) . In another study, the HinfI polymorphisim of H-FABP did not affect intramuscular fat in Large White and Landrace breeds (Urban et al., 2002) . To date, the association of H-FABP with intramuscular fat has been inconclusive. In the current study, we compared H-FABP and A-FABP mRNA levels in subcutaneous and intramuscular adipose tissue. The high DLK1 and low PPAR-γ mRNA expression in intramuscular fat indicated that the intramuscular adipose tissue was less mature than the subcutaneous adipose tissue. Correspondingly, less H-FABP and A-FABP mRNA were expressed in intramuscular adipose tissue, and both genes may be associated with adipose tissue development.
In summary, our results provide evidence to support that, in addition to A-FABP, H-FABP is moderately expressed in pig adipose tissue and the level of H-FABP appears to be associated with the maturity of the adipose tissue. Furthermore, H-FABP is upregulated in a parallel pattern as A-FABP during adipose tissue development as well as adipogenic differentiation of stromal-vascular cells. We conclude that H-FABP may be required for pig adipose tissue function. However, the function of H-FABP in pig adipose tissue remains unknown. In mice, H-FABP deficiency resulted in reduced fatty acid uptake and utilization in heart and muscle, H-FABP was greatly increased during cold-induced thermogenesis in mouse brown adipose tissue; thus, H-FABP is involved in fatty acid utilization for energy production (Daikoku et al., 1997; Binas et al., 1999; Binas et al., 2003) . Based on the evidence from the mouse study, we speculate that H-FABP may play a similar role in fatty acid utilization for energy production in pig adipose tissue as in the mouse heart, muscle, and brown adipose tissue, which needs to be investigated in future studies.
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